Summary:We developed a method for isolating chloroplast-nuclei(nucleoids)from a unicellular green alga,Chlamydomonas reinhardtii,using cell-wall-deficient mutant(cw15)cells.Because the cells drastically change the structure of their chloroplast-nuclei during the cell division cycle ,we synchronized the cell division under a12:12-h light:dark regimen ,and collected cells in the8th h during the dark period for use as starting material,when chloroplast-nuclei were granular in shape and scattered randomly within individual chloroplasts .The cells were converted to protoplasts and disrupted by repeated passages through a narrow-bore needle,and the intact chloroplasts were purified by Percoll density-gradient centrifugation.The chloroplast-nuclei were isolated from the purified chloroplasts following lysis with Nonidet P-40.The results of Southern and northern hybridization analyses suggested that not only structure,but also DNA synthesis and transcriptional activities of the chloroplast-nuclei might fluctuate during the cell division cycle of C.reinhardtii.Thus,the chloroplast-nuclei of C.reinhardtii may provide an ideal system for analyzing the structure-function relationships of DNA-protein complexes .
Introduction
Chlamydomonas reinhardtii is a unicellular green alga that possesses1large ,cup-shaped chloroplast per cell.Biochemical evidence for the presence of DNA in chloroplasts was first demonstrated by Sager and Ishida(1963) ,who used this organism.The chloroplast DNA molecules are not naked but are organized with specific proteins to form compact structures in situ (Kuroiwa1991).These DNA-protein complexes are referred to as chloroplast-nuclei or nucleoids.
Since the first electron-microscopic observation of its chloroplast-nucleoids (Ris and Plaut 1962) ,this organism has also been widely used for morphological observation of the behavior of DNA-protein complexes of the chloroplast .For example, Kuroiwa et al.(1982) found by 4',6-diamidino-2-phenylindole(DAPI)-fluorescence microscopy that the male-derived chloroplastnuclei disappeared selectively in young zygotes soon after the sexual mating of male and female gametes of C.reinhardtii.By combining the polymerase chain reaction(PCR)and single-cell isolation techniques using optical tweezers, Nishimura et al.(2000) demonstrated that the disappearance of male-derived chloroplast-nuclei was due to active digestion of chloroplast DNA molecules.Their results give a strong indication that the selective degradation of the male-derived chloroplast DNA is the fundamental mechanism in the maternal inheritance of the chloroplast genome.
Chloroplast-nuclei of Chlamydomonas are generally illustrated as several granular bodies scattered in a chloroplast:the attachment of some chloroplast-nuclei to a pyrenoid is frequently observed. However, Ehara et al.(1989 Ehara et al.( ,1990 Ehara et al.(1989 Ehara et al.( ,1990 microscope after vital staining of their DNA with SYBR Green I (Fig.2B ).This result indicates that the structural changes in the chloroplast-nuclei were not a fixation artifact.
Isolation of chloroplast-nuclei is a prerequisite for understanding the mechanisms and physiological significance of such dynamic structural changes in them . In the first trial for the isolation of chloroplast-nuclei from C.reinhardtii,we chose cells with type c chloroplasts as the starting material, because they seemed to be most suitable for the isolation:type c chloroplasts contain several granular chloroplast-nuclei of appropriate sizes,which seem to be in a nearly homogeneous condition.In contrast,chloroplast-nuclei in type b chloroplasts are small and frequently interconnected with each other,so their isolation would appear to be difficult.On the other hand ,type a chloroplasts contain two classes of chloroplast-nuclei , one associated with pyrenoid and the other not .Such heterogeneity is also problematic in establishing an isolation procedure.Thus,we used cells harvested in the 8th h of the dark period,when cell division had almost finished and the frequency of type c chloroplasts was maximum. isolated Chlamydomonas chloroplast-nuclei using a similar in vitro assay system.Thus,(i)isolation of chloroplast-nuclei from Chlamydomonas cells at various stages of the cell division cycle and(ii) establishment of an in vitro transcription/DNA synthesis system using them are the problems which now confront us.
